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Description 

FIELD OF THE INVENTION 

s The present invention relates to a biodegradable starch resin composition , a process and apparatus for preparing 

the same. 

BACKGROUND OF THE INVENTION 

10 As we know, with the rapid development of the plastics industry, the plastics have almost gone into every aspect 

of our life. At the same time, the harm of plastic rubbish to human becomes more and more serious. This is because 
that the plastic rubbish left in the nature will take about 200 years to be degraded. The environmental pollution caused 
by plastics has drawn extensive attentions to the government and the field of science and technology of each country 
all over the world. 

is Among the numerous ways to eliminate said pollution, the feasible but extremely difficult method is to manage to 

blend natural products with synthetic resins, wherein the natural products provide the biodegradability, whereas the 
synthetic resins provide various mechanical and processing properties required during the application. The natural 
products often used are starch, cellulose and other polysaccharide and the derivatives thereof. The synthetic resins 
can be polyethylene, polypropylene, polystyrene, polyester, polyether, polyacrylates and special rubbers, etc.. Starch 
:w i "*V* 17 ^X^vl J s widely used because of its wide source and low cost. The processes for the preparation of degradable starch resin': . 

composition using starch and synthetic resins can further be classified into three types: one is to prepare said degra- 
dable starch resins by using starch, hydrophilic synthetic resins such as polyvinyl alcohol and a copolymer of ethylene 

— and ethenol and other additivesrf or example- WO9102023r Such resins-prepared thereby have good biodegradability 

but poor water resistance. The property of the products is largely influenced by environmental moisture, and the 

25 processing property is also poor. The second one is to prepare said biodegradable starch resins by treating dry starch 
with organosilicon compounds and titanate, converting starch from hydrophilic material into hydrophobic material, fol- 
lowed by blending with synthetic resins. This process is simple and the processing techniques and equipment for the 
. product can be those as used during the processing of synthetic resins. However, the starch content in the final product 
is only in the range of 6-1 6%. In most case the starch content in the final product is below 1 0%. When the starch content 

M is high, the product could not be used because of the poor mechanical property, when the starch content is tow, the 
degradability is very poor. The third process is to prepare said degradable starch resins by mixing starch, polyethylene, 
mixing promoter(EAA) and plasticizer and the like, dextrinizing starch in the presence of outside water, blending it with 
polyethylene and EAA, and extruding and pelleting after the removal of additional water. The characteristic of this 
process is that the dextrinizing and bleating of the starch is completed simultaneously and it makes possible to the 

3S application of wet starch, for example EP04097892A2. However, the starch content in the degradable starch resins 
produced by this process is not high, and when the starch content is higher than 12%, the mechanical property of the 
products is poor and largely influenced by moisture. Thinner films could not be obtained when blowing, and the trans- 
parency is not good. It has been demonstrated by study that the film obtained by such process has a thickness of more 
than 50u/n, it will soon become fragile upon the storage under dry environment, the elongation drops abruptly and the 

40 thermal fusion property is bad. It has been found under the observation of electronic microscope that the grain size of 
starch dispersed in polyethylene is in the range of 30-5Pujn, and the dispersity is poor and extremely uneven. Starch 
is a strong polar macromolecular material, there are many polar hydroxy groups in the molecule, while polyvinyl resin 
is non-polar polymer, therefore the critical point for preparing the degradable starch resins is to improve the compatibility 
between starch and polyvinyl resins. Furthermore, when such blend is manufactured into products, it is likely to appear 

4$ pores during blowing as a result of the different rheological properties of starch and synthetic resins. In prior art, it 
mainly use a copolymer of ethylene and acrylic acid(EAA) as a mixing promoter. However, it is indicated by research 
that EAA is only partly compatible with starch and their mixing substantially belongs to physical mixing when the blend- 
ing means is not good. Additionally, the applied water which is added to dextrin ize starch actually functions to separate 
polyvinyl resin and starch. Therefore, it affects the dispersion of starch in polyvinyl resin. After the water content in 

so starch is volatiied, the starch will recrystallize, making the grain size of dispersed starch too large which in turn affects 
the thickness and strength of the film and restrains the amount of starch. 

In EP patents, starch with small grain size can be obtained by first reducing the grain size of starch through the 
action of microbes or enzymes, then emulsifying with vegetable oil, coating and spray drying. The addition amount of 
starch is therefore increased, but the process is very complicated. Actually among many techniques disclosed here- 

55 tof ore, when the starch content is higher than 20%, the mechanical property of the product is much worse as compared 
with that of plastics, hence it is difficult to produce film products having practical value. 

Therefore, in prior art, biodegradable resin composition, especially degradable starch resin composition with low 
cost, good biodegradability and good applying property has not been obtained yet. 
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OBJECTS OF THE INVENTION 

Therefore, one object of the present invention is to provide a biodegradable starch resin composition with high 
starch content, good biodegradability and good applying property. 
s Another object of the present invention is to provide a process for the preparation of said biodegradable starch 

resin composition. 

A further object of the present invention is to provide an equipment for preparing said biodegradable starch resin 
composition. 

10 SUMMARY OF THE INVENTION 

According to one aspect of the invention, there provides a biodegradable starch resin composition, comprising: 

25-75% by weight of starch; 
is 10-45% by weight of synthetic resin; 

0-15% by weight of mixing promoter; 
3-5% by weight of self-oxidant; 
3-8% by weight of polyols; 

0- 1% by weight of alkaline additive; 

20 . 0-2% by weightp^surfacterit; v . ^ — : 

1- 2% by weight of splitting agent. 

According to.another-aspect-of-the-invention.-there-provides a processfor-the preparationof-the-biodegradable 

starch resin composition, comprising the steps of: 

25 

(1) mixing self-oxidant, polyols, alkaline additive and surfactant, controlling the pH value of the obtained mixture 
in the range of 1 0-1 2.5; 

(2) through a metering pump and a* loss-weight metering feeder, adding the mixture obtained in step(1), starch, 
30 synthetic resin, mixing promoter and splitting agent into a double-screw extruder comprising screw blocks under 

such conditions as that the rotating speed of the screw is in the range of 100-600rpm and the torsional moment 
is in the range of 432-4042 Nm; the mixture in the extruder being delivered, dispersed, converged, heating melted, 
\. sheared into pieces, pressing kneaded, grafting blended, unloaded volatiles, densified and extruded under in- 
• creasing pressure respectively in a feeding area, a meltingblending area, a blending-shearing area, a blending- 

35 kneading area, a plasticizing-propelling area and a pressure-increasing extruding area of the double-screw ex- 

truder, wherein the temperature of the feeding area is in the range of 90-1 45 D C, the temperature of the melting- 
blending area is in the range of 120-165°C, the temperature of the blending-shearing area is in the range of 
130-190°C, the temperature of the blending-kneading area is in the range of 120-180°C, the temperature of the 
plasticizing-propelling area is in the range of 110-170°C, the temperature of the pressure-increasing extruding 

40 area is in the range of 1 1 0-1 80°C. 

According to a further aspect of the invention, there provides an equipment for preparing the biodegradable starch 
resin composition, comprising a high-speed mixer, a loss-weightt metering feeder, a controlling system, a double-screw 
extruder and a pelleting apparatus, wherein said double-screw extruder comprises two screws rotating in the same 

45 direction, said screw consists of a mandrel with several tooth-type involute and a plurality of screw blocks and a plurality 
of kneading blocks, characterized in that a feeding area, a melting-blending area, a blending-shearing area, a blending- 
kneading area, a plasticizing-propelling area and a pressure-increasing extruding area are successively formed along 
with the mandrel of said screws, wherein said feeding area and pressure-increasing area include a plurality of screw 
blocks, said melting-blending area, blending-shearing area, blending-kneading area and plasticizing-propelling area 

so include a plurality of kneading blocks and a few screw blocks. In each area mentioned above, the angle between the 
adjacent kneading blocks is larger than 0. The ratio of length to diameter of said screw is in the range of 44-48:1 . 

THE BRIEF DESCRIPTION OF THE DRAWINGS 

55 Figure 1 shows a sketch of the structure of the screw of the double-screw extruder of the invention. 

Figure 2 is an electronic microscope photo of the film prepared with the degradable starch resin composition of 
the invention, magnification times is 500. 

Figure 3 is an electronic microscope photo of the film prepared with the degradable starch resin composition ofthe 
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invention, magnification times is 3000. 

Figure 4 is an electronic microscope photo of the film prepared with the degradable starch resin composition of 
the invention, magnification times is 10000. 

Figure 5 is an electronic microscope photo of the film prepared with the degradable starch resin composition of 
s the invention, magnification times is 30000. 

DETAILED DESCRIPTION OF THE INVENTION 

Specifically, the invention relates to a biodegradable starch resin composition, comprising: 

10 

25-75% by weight of starch; 
10-45% by weight of synthetic resin; 
0-15% by weight of mixing promoter, 
3-5% by weight of selfoxidant; 
is 3-8% by weight of polyols; 

0-1% by weight of alkaline additive; 
0-2% by weight of surfactant; 
1 -2% by weight of splitting agent 

20 According to the .invention, said starch is the nc^! : industrial I starch of which the grain size is larger than 100 

mesh, including com starch, potato starch, sweet potato starch, cassava starch and the like, and the modified starch, 
wherein the starch with high amylose content is preferable. 

According to the invention, said synthetic resins are polyethylene and polypropylene, such as PE, PR LDPE, 
LLDPE, etc., polystyrene such as PS, HiPS, SBS, etc., polyvinyl acetate and the copolymer thereof, such as PVAC, 
25 EVAC, etc., and/or a polyvinyl resin with a density of 0.86-090g/cm 3 and a melt index of 2-8g/10minutes. 

According to the invention, said mixing promoter is of ethylene and acrylic acid(EAA), wherein the acrylic acid 
content thereof is in the range of 5-20% and the melt index is in the range of 35±5g/10minutes. 

According to the invention, said self-oxidant is selected from the group consisting of organic acids such as oleic 
acid, stearic acid and citric acid, and oils such as com oil, epoxy vegetable oil and soybean oil. Self-oxidant can sep- 
30 arately react with starch and synthetic resins by affinity, thus improving the compatibility of starch and synthetic resins, 
and also promoting the chain rupture of the synthetic resins by its self-oxidizing property and thus providing another 
degradation method. 

According to the invention, said polyols isglycol, glycerin, sorbitol and the low molecular weight condensate thereof 
(MW<400), of which the function is to plasticize. to hold water and to act as dispersion agent. 
55 According to the invention, said alkaline additive is sodium hydroxide, ammonium hydroxide, urea, triethanolamine 

and the like, of which the function is to reduce the melting temperature of the starch and to lower the grain size of the 
starch further. 

According to the invention, said surfactant can be ionic surfactant and non-ionic surfactant, wherein the ionic 
surfactant is alkyl sulfonates and alkylbenzene sulfonates, and the non-ionic surfactant is fatty acid polyoxyethylene 
40 esters and alkylphenol polyoxyethylene ethers. 

According to the invention, said splitting agent is the organic complex of ferric salts of organic acid and iron, methyl 
vinyl ketone, diphenyl ketone, ferrocene and its derivatives, ferric dithiocarbamic acid and its derivatives, and calcium 
carbonate. 

Depending on the property and type of the products, processing aids known in the art such as lubricating agent, 
45 eg. calcium stearate, zinc stearate and talcum powder, foaming agent and cross linking agent can also be added into 
the particles of the composition of the invention. 

In prior art, mixing promoter such as EAA is usually used to improve the blending of starch and synthetic resins. 
However, the function style of mixing promoter and the conditions and degree of the blending have not been known 
really. So far, satisfying and true-type biodegradable resin products have not been obtained yet. 
so The inventor has done deeply textual research on the physical and chemical functions of mixing promoter, and 
calculated by means of quantum mechanics and quantum chemistry the intermolecular force between mixing promoter 
and various kinds of hydrocarbon resin and substituted carbon chain macropolymer, and also the hydrogen bond force 
between mixing promoter and starch under the conditions of given distance and given surface area in the Van der 
Waals Space. The inventor has also obtained by means of mechanical dynamics, thermodynamics, fluid dynamics and 
55 materia! mechanics the central distance and the grain size of fined matrix, the torsional moment of the screw, the 
rotating speed of the screw, the retaining function of the material in the cylinder, the grouping of the rotational energy 
of the screw blocks and the processing temperatures in every step, the rotating speed and the achieved power of the 
electric machine, etc.. By such effectively designed model quantified in mathematics and physics, another kind of 
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mixing promoter including a kind of organic acid and organic acid ester with polar groups (hydroxy! and sster group) 
as well as with non-polar groups (alky I), eg. stearic acid, corn oil, epoxy soybean oi! and oleic acid, is also used in the 
present invention. The inventor has also calculated by the same method the intermolecular force and hydrogen bond 
force of the different particles inlaying at both ends. In the invention, it is preferable to use the mixing promoter with 

5 the characteristic of self-oxidation. Alternatively self-oxidant is directly used in the invention, especially those thermo- 
antioxidants such as the complex compounds of various transitional metals, the organic salts of metals, ferrocene and 
its derivatives, ferric dithiocarbamic acid and its derivatives, etc., as long as their intermolecular force is enough to 
abstract hydrogen atom from the hydrocarbon chain after self-oxidation to cause the chain rupture of the hydrocarbon 
high polymer and the decreasing of its molecular weight to the level less than 4500, so that the hydrocarbon high 

io polymer can be degraded by microbes. 

The invention has improved the compatibility between starch and polyvinyl resins in two aspects, and it also causes 
the fluidities of the starch particles and polyvinyl resins becoming compatible. These two aspects are: (1 ) in addition 
to EAA, the organic self-oxidant which can react with starch and synthetic resins is added, therefore, another way of 
coupling and biodegradation is found. Moreover, in the absence of applied water, the starch is converted from crystalline 

is form into amorphous form, and recrystallizing is prevented by adding additives. Therefore it is thermoplastic modified 
starch particles that are obtained by the conversion under high temperature and high pressure in the cylinder of the 
extruder. Such particles have good compatibility with polyvinyl resins and the optimal rheologtcal properties match 
under the processing condition can be obtained by controlling the proportion and technical conditions. (2) The above- 
mentioned special polyvinyl resin has been used in the invention. This polyvinyl resin has longer molecular chain with 

20; 1 a low content of branches, lowcrystallinity and good rheological properties. The spsci^ity^qf its molecular chain makes 
the polyvinyl resin easy to form good dispersion system with starch particles. Therefore, starch is likely to disperse 
well in it. It is the first time for the present invention to use such kind of polyvinyl resin, and a good result been achieved. 

Splitting agent is also added into the starch resin composition of the invention. The splitting agent combines with 
synthetic resins by affinity. When the products made of the composition are disposed or buried in a suitable environment, 

25 the chain rupture and the degradation of the synthetic resin will be accelerated automatically as a result of the free 
radicals produced by oxidizing and decomposing of the splitting agent, thus accelerating the procedure of biodegra- 
dation and greatly increasing the rate of degradation. 

It is indicated by research work that when starch is heated under normal pressure, it will carbonize because of the 
dehydration among molecules. Therefore, starch does not possess thermoplasticity under normal conditions. However, 

30 when starch is heated under high pressure, the crystalline structure of starch which has aids and a natural water content 
(10-15%) will be damaged, and it will become a melt and thus has thermoplasticity. In the present invention, in order 
to improve the compatibility of starch and non-polar synthetic polymers and to lower the grain size of starch in the 
. composition, an organic plasticizer, oleic acid, epoxy vegetable oils and other additives are added, and thus modified 
starch is obtained by treating under high temperature and high pressure. 

35 The starch resin composition of the invention can be employed produce products for various uses, for example 

the products manufactured by blowing, injection molding, absorption molding and bubbling. The difference is to select 
different types of starch(eg. amylopectin, amy lose or normal starch, modified starch, etc.) and different types of synthetic 
resins and additives(eg. mixing promoters, plasticizers, surfactants, self -oxidants, splitting agents, etc.) according to 
the different types of the products. 

40 Figures 2 to 5 are photographs taken by electronic microscope of the thin films prepared by the degradable starch 

resin composition of the invention with different magnification times. Figure 2 is a photograph with a magnification 
times of 500, wherein the black background is basic film structured by PE and additives, and the white dots are com 
starch particles which distribute randomly and well in the basic film. The real size represented by the photograph is 
0.221mm. Figure 3 is a photograph with a magnification times of 3000, wherein the white dots of differeant brightness 

45 indicate different depth at which starch particles distribute in the basic film. The real size represented by the photograph 
is 0.037mm. Figure 4 is a photograph with a magnification times of 1 0000. As can be seen from the photograph, except 
that a minority of the starch particles is in the shape of granules, most of them has been fined into Accent shape, and 
interweaved with the adjacent PE and additives to form a net structure. The real size represented by the photograph 
is 0.01 1 mm. Figure 5 is a photograph with a magnification times of 30000. We can see from the photograph the flocent- 

50 shape structure at the edge of the starch particles which indicates that the starch permeates and interweaves with PE 
and additives each other to form a thin film. The largest size of the starch particles which has been calculated on the 
basis of the photograph is 1u.m, however the average size of the raw material of starch particles is 19^im, therefore, 
the starch particles have been fined 19 times as small as the original through mixing and plasticizing in the double- 
screw extuder of invention, so as to make it mix well with resins to form the composition. 

55 The biodegradable rein composition of the invention has the following advantages: 

(a) It has high starch content. The addition amount of the starch is up to 30-75%, which can not be achieved by 
other techniques. 
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(b) It is easy to bo molded. It can be blown, injection molded, absorption molded and bubbled by conventional 
equipments and the techniques are easy to be controlled. Since it has solved the problem of the matching of the 
rheological property of the starch with that of polyvinyl resins and the compatibility of starch and resins, and at the 
same time the moisture( water content) of the blending copolymer has been strictly controlled by the vaccum ap- 

5 paratus of the double-screw extruder so as to eliminate the affect of moisture, therefore, bubbles will not appear 

during blowing, homogeneous films with a thickness of 0.0044mm can be obtained. The films have good thermal 
fusion property and storage stability. 

(c) It has good mechanical property. Its physico-mechanical property is similar to that of relevant resins. 

10 

(d) It has good degradability. The product has excellently comprehensive degradablity because of the photodeg- 
radation and biodegradation as a result of high starch content and high proportion of other degradable additives 
as will as the addition of self -oxidant and splitting agent. 

is (e) Since each component disperses well, after the starch and part of the synthetic resins are degraded the re- 

maining material turn into small particles of which the diameter is within 1ujn. Therefore, the remains will increase 
the air permeability of soil instead of damaging the capillarity of soil. 

According to another aspect of the invention, there provides a process for the preparation of the biodegradable 
.■-.^^.^.starcri resin composition, comprising the steps of : . 

(1) mixing self-oxidant, polyols, alkaline additive and surfactant, controlling the pH value of the obtained mixture 
in the range of 10-12.5; 

2S (2) through a metering pump and a loss-weight metering feeder, adding the mixture obtained in step(1), starch, 

synthetic resin, mixing promoter and splitting agent into a double-screw extruder comprising screw blocks under 
such conditions as that the rotating rate of the screw is in the range of 100-600rpm and the torsional moment is 
the range of 432-4042 Nm; the mixture in the extruder being delivered, dispersed, converged, heating melted, 
sheared into pieces, pressing kneaded, grafting blended, unloaded volatiles, densified and extruded under in- 

30 creasing pressure respectively a feeding area, a melting-blending area, a blending-shearing area, a blending- 

kneading area, a plasticizing-propelling area and a pressure-increasing extruding area of the double-screw ex- 
truder, wherein the temperature of the feeding area is in the range of 90-145°C, the temperature of the melting- 
blending area is in the range of 120-165°C, the temperature of the blending-shearing area is in the range of 
130-190°C, the temperature of the blending area is in the range of 120-180°C, the temperature of the plasticizing- 

35 propelling area is in the range of 110-170°C, the temperature of the pressure-increasing extruding area is in the 

range of 110-180°C. ^ 

According to the process of the invention, said starch is the normal industrial starch of which the grain size is larger 
than 1 00 mesh, including com starch, potato starch, sweet potato starch, cassava starch and the like, and the modified 
40 starch, wherein the starch with high amylose content is preferable. 

According to the process of the invention, said synthetic resins are polyethylene and polypropylene, such as PE, 
PP, LDPE, LLDPE, etc., polystyrene such as PS, HiPS, SBS, etc., polyvinyl acetate and the copolymer thereof, such 
as PVAC, EVAC, etc., and/or a polyvinyl resin with a density of 0.86-0. 90g/cm 3 and a melt index of 2-8g/10minutes. 

According to the process of the invention, said mixing promoter is a copolymer of ethylene and acrylic acid(EAA), 
45 wherein the acrylic acid content thereof is in the range of 5-20% and the melt index is in the range of 35±5g/1 Ominutes. 

According to the process of the invention, said self-oxidant is selected from the group consisting of organic acids 
such as oleic acid, stearic acid and citric acid, and oils such as com oil, epoxy vegetable oil and soybean oil. Self- 
oxidant can separately react with starch and synthetic resins by affinity, thus improving the compatibility of starch and 
synthetic resins, and also promoting the chain rupture of the synthetic resins by its self -oxidizing property and thus 
so providing another degradation method. 

According to the process of the invention, said polyols is glycol, glycerin, sorbitol and the low molecular weight 
condensate thereof(MW<400), of which the function is to plasticize, to hold water and to act as dispersion agent. 

According to the process of the invention, said alkaline additive is sodium hydroxide, ammonium hydroxide, urea, 
triethanolamine and the like, of which the function is to reduce the melting temperature of the starch and to lower the 
55 grain size of the starch further. 

According to the process of the invention, said surfactant can be ionic surfactant and nonionic surfactant, wherein 
the ionic surfactant is alky I sulfonates and alkylbenzene sulfonates, and the non-ionic surfactant is fatty acid polyox- 
yethylene esters and alkylphenol potyoxyethylene ethers. 
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According to the process of the invention, said splitting agent is the organic complex of ferric salts of organic acid 
and iron, methyl vinyl ketone, diphenyl ketone, ferrocene and its derivatives, ferric dithiocarbamic acid and its deriva- 
tives, and calcium carbonate. 

According to a further aspect of the invention, there provides am equipment for preparing the biodegradable starch 
s resin composition, comprising a high-speed mixer, a loss-weightt metering feeder, a controlling system, a double-screw 
extruder and a pelleting apparatus, wherein, as seen from Figure 1 , said double-screw extruder comprises two screws 
rotating in the same direction, said screw consists of a mandrel 1 with several tooth-type involute and a plurality of 
screw blocks 2 and a plurality of kneading blocks 3, characterized in that a feeding area, a melting-blending area, a 
blending-shearing area, a blending-kneading area, a plasticizing-propelling area and a pressure-increasing extruding 
10 area are successively formed along with the mandrel of said screws, wherein said feeding area and pressure-increasing 
area include a plurality of screw blocks, said melting-blending area, blending-shearing area, blending-knealing area 
and plasticizing-propelling area include a plurality of kneading blocks and a few screw blocks. In each area mentioned 
above, the angle between the adjacent kneading blocks is larger than 0. The ratio of length to diameter of said screw 
is in the range of 44-48:1 . 

is Said feeding area comprises at least 10 screw blocks, and the screw pitch is in the range of 40-1 20mm. Said 

melting-blending area comprises at least 5 kneading blocks and at least 1 screw block. The angle between the adjacent 
kneading blocks is 45°, and the thickness of each kneading block is 30mm. The thickness of each screw block is 30mm 
and the screw-pitch is 30mm. Said blending-shearing area comprises at least 1 screw blocks and at least 5 kneading 
blocks. The thickness of each screw block is 30mm and the screw pitch is 30mm. The thickness of each kneading 

20 block is 30mm and theiarigle between the adjacent kneading. blocks is 45°. Said blending-kneading area comprises 
at least 3 kneading blocks. The angle between the adjacent kneading blocks Is 90° and the thickness of each kneading 
block is at least 80mm. Said plasticizing-propelling area comprises at least 1 kneading block and 2 screw blocks. The 
angle between the adjacent kneading blocks is 45° and the thickness of each kneading block is 30mm. The thickness 
of each screw block is 40mm and the screw-pitch is 40mm. Said pressure-increasing extruding area comprises at least 

25 3 screw blocks. The thickness of each screw block is 80-1 2mm and the screw-pitch is 80-1 20mm. 

Depending on the different types of the products and different treating capacities, the specific length, diameter and 
torsional moment of the double-extruder of the invention can vary, however the change should be within the range of 
the above-mentioned ratio of length to diameter and within the range of the above-mentioned torsional moment. 
The double-screw extruder of the invention has high power, high rotating rate, great torsional moment, great shear 

30 stress, great capacity for materials, small gap between material flows and large ratio of length to diameter, so that the 
materials can stay longer within the extruder so as to m ix and melt thoroughly. Furthermore, in the double-screw extruder 
of the invention, the camber modeling and various kinds of combination modes of the kneading blocks of the screw 
make the starch mix thoroughly with other materials such as synthetic resins, therefore, the starch resin composition 
with high degradability can be obtained. 

35 in order to further test and verify the degradation effect of the degradable starch resin composition of the invention, 

the pellets produced by the composition of the invention were blown into thin film which was used as ground film(called 
degradable film hereinafter) in the following tests. The tests were conducted to compare the degradable film with the 
normal ground film. 

40 (1) Test on the property of thermal retardation 

Using the normal ground film as a control, the ground temperature at the depth of 10cm under the surface of the 
ground were measured. The open ground temperature and the temperature of the ground which was covered with the 
degradable film of the invention were also measured. The result was that the difference of the thermal retardation 
45 property between the degradable film and the normal film was not significant. Their difference in the ground temperature 
was in the range of 0-0.4°C. Compared with the open-ground, the effect of thermal retardation of the degradable film 
was in the range of 0.7-4. 4°C in the morning when the sun did not rise and the in the range of 5.5-11 .0°C at noon. 

(2) Test on the property of water holding 

so 

The water content at the depth from 0-1 0cm under the surface of the ground was measured, the result showed 
that the water content was 14.63% in case of the degradable film, 11 .99% in case of the normal ground film, and 8.6% 
in case of the open ground. 

55 
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(3) Natural degradation test of the degradable film 

A. Degradation test of the degradable film exposed to the ground surface 

5 After being degraded for 68 days, the ground film cracked into pieces, with the biggest piece being about 1 2x 1 0cm 2 

and the smallest piece being about 5X3cm 2 The strength decreased by 70%. 

After being degraded for 96 days, the ground film cracked into pieces of various sizes, with the biggest piece being 
about 2.5X1 .5cm 2 and the smallest piece being about 0.5x0.3cm 2 The strength was too weak to be detected. 
After being degraded for 124 days, the sizes of the broken pieces did not change greatly, but the pieces became 
10 thinner and would crack into much thinner pieces when pressed lightly with hand. 

B. Degradation test of the degradable film burried into the depth of 8cm in soil 

After being degraded for 96 days, the surface of the film became wrinkly. There appeared pores of various sizes 
is on the film by the action of microbes in soil. The biggest pore was about 15X1 2mm 2 and the smallest was as tiny as 
pinhole. 

After being degraded for 124 days, the amount of pores increased. The biggest pore was about 25X9mm 2 and 
the smallest was as tiny as pinhole, moreover, there were many pores in the size of about 1 mm 2 . 

After being degraded for 149 days, the amount of pores increased. The biggest pore was about 30x1 0mm 2 and 
20 pores in; a row appeared on some parts of the film. . ; *;- v : . 

After being degraded for 188 days, the film became obviously thinner and the amount of pores increased. The 
biggest pore was about 32x13mm 2 . 

As shown from the above tests, the properties of thermal retardation and water holding of the ground film produced 
by the degradable starch resin composition of the invention have got the effect of the normal film. Furthermore, said 
25 film has good natural degradation effect which can not be provided by the normal ground film. 

The present invention will be described in further detail with the following examples, which should not be taken as 
the limitation of the invention. 

Examples -. 

30 

The degradable starch resin composition was prepared according to the following formula: 
Components ApiounTfaj 

35 

starch 65 



40 


oleic arid 


0.5 




glycerin 


4 




glycol 


is' 


45 


sodium hydroxide 


I 




EAA 


4 " 




EEP 


7.6 


SO 


LDPE 


13 




caln"™ carbonate 


2 




ferrocene 


03 


ss 


Tine stearate 


0.1 




total 


100 
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Starch, calcium carbonate, splitting agent and zinc stearate were stirred we!! by a high-speed stirring machine, 
and then put into a powder material feeder by a vaccum intaker and was added into a double-screw extruder through 
a loss-weightt metering feeder. The pelleted material such as LDPE, EAA, EEP and the like was mixed thoroughly by 
a mixer, and was put into a pelleted material feeder by a vaccum intaker, followed by adding into the double-screw 

5 extruder through a loss-weightt metering feeder. The oleic, glycerin, glycol and the solution of sodium hydroxide were 
mixed thoroughly and the obtained liquid was added into the double-screw extruder through a metering pump. The 
ratio of length to diameter of the double-extruder was 44:1, the rotating speed was in the range of 100-430rpm, and 
the torsional moment was in the range of 432-81 6Nm. The temperature of each area was controlled as follows: the 
. feeding area 130-135°C, the melting-blending area 140-150 6 C, the blending-shearing area 150-160°C, the blending- 

10 kneading area 160-170°C, the plasticizing-propelling area 150-160°C, the pressure-increasing extruding area 
1 40-1 50°C. The material extruded through the head part was cooled by water first and then by wind. Yellowish to white 
translucent particles were obtained by a pelletizer, the characteristics of which were described in table 1. 



Table 1 



20, 



appearance 




yellowish, translucent 


water content 


% 


0.8-1.5 


grain size 


% 


98% through No.4 mesh 


melt index 


g/IOmin . 


0.8-1.5 :i ; .^ v , . , 


density 


g/cm 3 


1.05-1.08 


impurity 




<5/cm 3 


tensile strength (longitudinal/transversal) 


Mpa 


>10.0 


elongation at break (longitudinal/tranversal) 


% 


>140 


rightangle tearing strength. 


Mpa 


>40 



Example 2 

30 

The degradable starch resin composition was prepared according to the following formula: 



Components 


Amount (g) 


starch 


52 


oleic acid 


1 


glycerin 


4 


glycol 


3.5 


soybean oil 


0.5 


sodium hydroxide 


1.8 


EAA 


5.5 


EEP 


10 


LDPE 


17.5 


talcum powder 


3.5 


ferrocene 


0.3 


calcium stearate 


0.1 


total 


100 



so In a similar manner as described in Example 1 , starch, talcum powder, splitting agent, calcium stearate were put 
into a high-speed stirring machine. Then oleic acid, glycerin, glycol, soybean oil and the solution of sodium hydroxide 
were separately added into the stirring machine, started to stir until the materials were stirred thoroughly and gave out 
heat. Then the well mixed materials were fed into viscous material feeder by a vaccum intaker, and were added into 
a double-screw extruder through a loss-weightt metering feeder. The pelleted materials such as LDPE, EAA, EEP and 

55 the like were mixed by a mixer thoroughly and were put into a pelleted material feeder by a vaccum intaker, by adding 
into the double-screw extruder through a loss-weightt metering feeder. The ratio of length to diameter of the double- 
extruder was 44:1, the rotating speed was in the range of 100-430rpm, and the torsional moment was in the range of 
432-1 OOSNm. The temperature of each area was controlled as follows: the feeding area 1 30-1 40°C, the melting-blend- 
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ing area 140-150°C, the blending-shearing area 150-160°C, the biending-kneading area 160-170°C, tho plasticizing- 
propetling area 1 50-1 60°C, the pressure-increasing extruding area 1 40-1 50°C. The material extruded through the head 
part was cooled by water first and then by wind. Yellowish to white translucent particles were obtained by a pelletizer, 
the characteristics of which were described in table 1. 

5 

Example 3 

The degradable starch resin composition was prepared according to the following formula: 



10 



Components 


Amount(g) 


starch 


40 


oleic acid 


1.8 


glycerin 


6 


sorbitol 


4.5 


triethanolamine 


1 


EAA 


8 


EEP 


15 


LDPE 


23 


ferrocene 


0.3 - 


calcium sterate 


0.1 


total 


100 



2$ In the same manner as described in Example 1 , except the change of some individual components and amount, 

yellowish to white translucent particles were obtained. 

Example 4 

30 The degradable starch resin composition was prepared according to the following formula: 



Components 


Amount(g) 


starch 


28 


oleic acid 


1.5 


glycerin 


3 


sorbitol 


5 


soybean oil 


1 


EAA 


7 


PS 


16 


HiPS 


26 


PP 


12 


talcum powder 


3.5 


ferrocene 


0.3 


calcium stearate 


0.1 


total 


100 



In the same manner as described in Example 2, except the change of some individual components and amount, 
50 yellowish to white translucent particles were obtained. 

Example 5 

The degradable starch resin composition was prepared according to the following formula: 

55 
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Components 

starch 

oleic add 

glycerin 

sorbitol 

soybean oil 

EAA 

PS 

HiPS 



AmomitfgV 
35 j 

3 ■ 

6 : 
i ' 

7.5 

12 . 
"22 



ferric stearate ' 

• calcium, stearate 

.« * * 

' calcium carbonate 
'• tptal 



.10 \ 

oi : 

:IJS ] 

ioo ; 



In the same manner as described in Example 2, except the change of some individual components and amount, 
yellowish to white translucent particles were obtained. 

Example 6 

The degradable starch resin composition was prepared according to the following formula: 



Components 


Amount(g) 


starch 


70 


oleic acid 


1.0 


glycerin 


1.5 


sorbitol 


3 


soybean oil 


0.4 


EAA 


4 


HiPS 


14 


PP 


6 


calcium stearate 


0.1 


total 


100 



In the same manner as described in Example 1, except the change of some individual components and amount, 
yellowish to white translucent particles were obtained. 

Example 7 

The degradable starch resin composition was prepared according to the following formula: 
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Components 
starch 



Amonntfgl 
30 



10 



is 



20 



25 



30 



35 



40 



45 



SO 



55 



oleic acid 

glycerin 

sorbitol 

EAA 

PS- 

HiPS 

feme acetylaceton 
calcium steaiate 
talcum powder 
total 



4 

•!'. 
6.5 \ 

48 ; 

2 

03 \ 
02 
0.5 ; 

ioo 



Oleic acid, glycerin, sorbitol were mixed into a uniform liquid. The resultant liquid mixture was added through a 
metering pump into a double-screw extruder having the following parameters: the ratio of length to diameter being 44: 
1 , the rotating speed being in the range of 280-380rpm t and the torsional moment being in the range of 432-1 OOSNm. 
At the same time, starch, PS, HiPS, EAA, ferric acetylaceton, calcium stearate and talcum powder were time, starch, 
PS, HiPS, EAA, ferric acetylaceton, calcium sterrate and talcum powder were also added into the double-screw ex- 
truder. The temperature of each area was controlled as follows: the feeding area 1 40-1 50° C, the melting-blending area 
150-160°C, the blending-shearing area 160-170°C, the blending-kneading area 170-1 75°C, the plasticizing-propelling 
area 1 60-1 70° C, the pressure-increasing extruding area 160-150°C. The material extruded through the head part was 
cooled by water first and then by wind. Yellowish to white translucent particles were obtained by a pelletizer, the char- 
acteristics of which were described in table 2. 

Table 2 



water content 


% 


0.604 


melt index 


g/10minutes 


2.96 


density 


g/cm 3 


1.03 


longitudinal tensile strength 


Mpa 


1.71 


transversal tensile strength 


Mpa 


0.97 


longitudinal elongation at break 


% 


7.2 


transversal elongation at break 


% 


4.9 


dimensional stability 


% 


-0.73(70°C) 
-0.25(-40°C) 


evaporites 


mg/L 


8.75 


consumption of sodium permanganate 


mg/L 


4.9 


heavy metals 


mg/L 


1 


decolorizing test 




negative 


10kg load-bearing of product 




acceptable 
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10 



IS 



20 



25 



30 



35 



folding times of product 



acceptable 



5 Example 8 

The degradable starch resin composition was prepared according to the following formula: 



Components 


Amount(g) 


starch 


40 


oleic acid 


1 


glycerin 


3.8 


soybean oil 


0.3 


sorbitol 


5 


EAA 


5 


ferric acetylaceton 


0.3 


calcium stearate 


0.1 


talcum powder 


1-5 


LDPE 


• 3 5 


PP 


30 


AC foaming agent 


8 


DCP cross-linking agent 


1 


divinylbenzene 


0.5 


total 


100 



Oleic acid, glycerin; soybean oil, sorbitol and divinylbezene were mixed into a uniform liquid. The resultant liquid 
mixture was added through a metering pump into a double-screw extruder having the following parameters: the ratio ; 
of length to diameter being 44:1 , the rotating speed being in the range of 300-400rpm, and the torsional moment being 
in the range of 432-1 008Nm. At the same time, starch, EAA, ferric acetylaceton, calcium stearate, talcum powder, 
LDPE, PP, AC foaming agent and DCP cross-linking agent were also added into the double-screw extruder. The tem- 
perature of each area was controlled as follows: the feeding area 100-115°C, the melting-blending area 115-125°C, 
the blending-shearing area 125-135°C, the blending-kneading area 135-1 45°C, the plasticizing-propelling area 
125-1 35°C, the pressure-increasing extruding area 125-115°C. Thus yellowish or white foaming particles were ob- 
tained. 



Example 9 

4 o The degradable starch resin composition was prepared according to the following formula: 



Components 


Amount(g) 


starch 


30 


oleic acid 


1 


glycerin 


4 


soybean oil 


1 


HiPS 


6 


EAA 


5.5 


ferric acetylaceton 


0.3 


calcium stearate 


0.2 


talcum powder 


1 


LDPE 


51 


total 


100 



Through a metering pump and a loss-weightt metering feeder, the liquid mixture of oleic acid, glycerin and soybean 
oil, and the solid mixture of starch, HiPS, EAA, ferric acetylaceton, calcium stearate, talcum powder and LDPE were 
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separately added into the same double-screw extruder as described in Example 8. Yellowish or white particles were 
obtained with the temperature of each area being controlled the same as described in Example 8. Physical foaming 
products were produced by the resultant particles, employing central-injection screw-extrusion foaming method. 

s Example 10 

The degradable starch resin composition was prepared according to the following formula: 



Components 


Amount(g) 


starch 


30 


oleic acid 


1 


glycerin 


4 


sorbitol 


5 


HiPS 


6 


EAA 


4 


ferric acetylaceton 


0.3 


calcium stearate 


0.2 


talcum powder 


0.5 


LDPE 


42 


AC foaming agent 


6 


ZnO 


1 


total 


100 



25 

Through a metering pump and a loss-weightt metering feeder, the liquid mixture of oleic acid, glycerin and sorbitol, 
and the solid mixture of starch, HiPS, EAA, ferric acetylaceton, calcium stearate, talcum powder, LDPE, AC foaming 
agent and ZnO were separately added into the same double-screw extruder as described in Example 8. Yellowish or 
white particles were obtained with the temperature of each area being controlled the same as described in Example 
30 8. Physical foaming products were produced by the resultant particles, employing screw-extrusion free foaming method. 

The features disclosed in the foregoing description, in the claims and/or in the accompanying drawings may, both 
separately and in any combination thereof, be material for realising the invention in diverse forms thereof. 



35 Claims 

1. A biodegradable starch resin composition, comprising: 

25-75% by weight of starch; 
40 10-45% by weight of synthetic resin; 

0-15% by weight of mixing promoter; 
3-5% by weight of self-oxidant; 
3-8% by weight of polyols; 

0- 1% by weight of alkaline additive; 
45 0-2% by weight of surfactant; 

1- 2% by weight of splitting agent. 

2. The composition according to claim 1, wherein said starch is the normal industrial starch of which the grain size 
is larger than 100 mesh, including com starch, potato starch, sweet potato starch, cassava starch, and modified 

so starch. 

3. The composition according to claim 1, wherein said synthetic resins are polyester, polyether, polyacrylate, poly- 
olefin, substituted polyolefin and/or a polyvinyl resin with a density of 0.86-0.90g/cm 3 and a melt index of 2-8g/ 
10minutes. 

ss 

4. The composition according to claim 1 , wherein said mixing promoter is a copolymer of ethylene and acrylic acid, 
the acrylic acid content thereof is in the range of 5-20% and the melt index is in the range of 35t5g/10minutes. 
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5. The composition according to ciairn 1 , wherein said self -oxidant is selected from the group consisting of organic 
acids such as oleic acid, stearic acid and citric acid, and oils such as corn oil, epoxy vegetable oil and soybean oil. 

6. The composition according to claim 1, wherein said polyols are glycol, glycerin, sorbitol and the low molecular 
s weight condensate thereof. 

7. The composition according to claim 1 , wherein said alkaline additive is sodium hydroxide, ammonium hydroxide, 
urea or triethanolamine. 

10 8. The composition according to claim 1 , wherein said surfactant comprises ionic surfactants and non-ionic sur- 
factants. 

9. The composition according to claim 8, wherein said ionic surfactants are alkyl sulfonates and alkylbenzene sul- 
fonates, and said non-ionic surfactants are fatty acid polyoxyethylene esters and alkylphenol polyoxyethylene 

is ethers. 

10. The composition according to claim 1, wherein said splitting agent is an organic complex of ferric salts of organic 
acid and iron, methyl vinyl ketone, diphenyl ketone, ferrocene and its derivatives, ferric dithiocarbamic acid and 
its derivatives, and calcium carbonate. 

11. A process for the preparation of biodegradable starch resin compositoh, comprising the steps of: 

(1 ) mixing self -oxidant, polyols, alkaline additive and surfactant, controlling the pH value of the obtained mixture 
in the range of 10-12.5; 

25 

(2) through a metering pump and a loss-weight metering feeder, adding the mixture obtained in step(1 ), starch, 
synthetic resin, mixing promoter and splitting agent into a double-screw extruder comprising screw blocks 
under such conditions as that the rotating rate of the screw is in the range of 100-600rpm and the torsional 
moment is in the range of 432-4042 Nm; the mixture in the extruder being delivered, converged, heating 

30 melted, sheared into pieces, pressing kneaded, grafting blended, unloaded volatiles, densified and extruded 

under increasing pressure respectively in a feeding area, a melting-blending area, a blending-shearing area, 
a blending-kneading area, a plasticizing-propelling area and a pressure-increasing extruding area of the dou- 
ble-screw extruder, wherein the temperature of the feeding area is in the range of 90-1 45°C, the temperature 
of the melting-blending area is in the range of 120-165°C, the temperature of the blending-shearing area is in 

35 the range of 130-190°C, the temperature of the blending-kneading area is in the range of 120-180°C, the 

temperature of the plasticizing-propelling area is in the range of 1 10-1 70° C, the temperature of the pressure- 
increasing extruding area is in the range of 110*180°C. 

12. The process according to claim 11 , wherein said self -oxidant is selected from the group consisting of organic acids 
40 such as oleic acid, stearic acid and citric acid, and oils such as corn oil, epoxy vegetable oil and soybean oil. 

13. The process according to claim 1 1 , wherein said polyols are glycol, glycerin, sorbitol and the low molecular weight 
condensate thereof. 

45 14. The process according to claim 11 , wherein said alkaline additive is sodium hydroxide, ammonium hydroxide, urea 
or triethanolamine. 

15. The process according to claim 11 , wherein said surfactant ionic surfactants and non-ionic surfactants, said ionic 
surfactants are alkyl sulfonates and alkylbenzene sulfonates, and said non-ionic surfactants are fatty acid polyox- 

£0 yethylene esters and alkylphenol polyoxyethylene ethers. 

16. The process according to claim 11, wherein said starch is the normal industrial starch of which the grain size is 
larger than 100 mesh, including corn starch, potato starch, sweet potato starch, cassava starch, and the modified 
starch. 

55 

17. The process according to claim 11 , wherein said synthetic resins are polyester, polyether, polyacrylate, polyolefin, 
substituted polyolefin and/or a polyvinyl resin with a density of 0.86-0. 90g/cm 3 and a melt index of 2-8g/1 Ominutes. 
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18. The process according to claim 11, wherein said mixing promoter is a copolymer of ethylene and acryiic acid, 
wherein the acrylic acid content thereof is in the range of 5-20% and the melt index is in the range of 35t5g/ 
10minutes. 

5 19. The process according to claim 11 , wherein said splitting agent is an organic complex of ferric salts of organic acid 
and iron, methyl vinyl ketone, diphenyl ketone, ferrocene and its derivatives, ferric dithiocarbamic acid and its 
derivatives, and calcium carbonate. 

20. An equipment for preparing biodegradable starch resin composition, comprising a high-speed mixer, a loss-weight 
10 metering feeder, a controlling system, a double-screw extruder and a pelleting apparatus, wherein said double- 
screw extruder comprises two screws rotating in the same direction, said screw consists of a mandrel 1 with several 
tooth-type involute and a plurality of screw blocks and a plurality of kneading blocks, characterized in that a feeding 
area, melting-blending area, a blending-shearing area, a blending-kneading area, a plasticizing-propelling area 
and a pressure-increasing extruding area are successively formed along with the mandrel of said screw, wherein 

ts said feeding area and pressure-increasing area include a plurality of screw blocks, said melting-blending area, 

blending-shearing area, blending-kneading area and plasticizing-propelling area include a plurality of kneading 
blocks and a few screw blocks, and in each area, the angle between the adjacent kneading blocks is larger than 0. 

21. The equipment according to claim 20, characterized in that said feeding area comprises at least 10 screw blocks, 
20 and the screw pitch is in the range of 40-1 20mm, said ms teg-blending area comprises at least 5 kneading blocks 

and at least 1 screw block, the angle between the adjacent kneading blocks is 45°, and the thickness of each 
kneading block is 30mm, the thickness of each screw block is 30mm and the screw-pitch is 30mm; said blending- 
shearing area comprises at least 1 screw blocks and least 5 kneading blocks, the thickness of each screw block 
is 30mm and the screw pitch is 30mm, the thickness of each kneading block is 30mm and the angle between the 

25 adjacent kneading blocks is 45°; said blending-kneading area comprises at least 3 kneading blocks, the angle 

between the adjacent kneading blocks is 90° and the thickness of each kneading block is at least BOmm; said 
plasticizing-propelling area comprises at least 1 kneading block and 2 screw blocks, the angle between the adjacent 
kneading blocks is 45° and the thickness of each kneading block is 30mm, the thickness of each screw block is 
40mm and the screw-pitch is 40mm; said pressure-increasing extruding area comprises at least 3 screw blocks, 

30 the thickness of each screw block is 80-12mm and the screw-pitch is 80-120mm. 

22. The equipment according to claim 20, characterized in that the ratio of length to diameter of said double-screw 
extruder is 44-48:1. 

35 



40 



45 



SO 
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